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ttiis  report  documents  work  done  under  Work  Unit  2303-F1-01,  Pattern 
Analysis  and  Correlation  of  Weather  and  Air  Pollution  Data  in  the  Pikes 
Peak  Region,  between  1 July  1978  and  15  November  1978.  The  authors  wish 
to  thank  Mr.  Donald  Stone,  Mr.  John  James,  and  Mr.  Ken  Boyer  for  their 
cooperation  in  providing  data  for  this  report.  In  addition,  thanks  are 
due  to  B.  J.  Darcy  for  typing  the  manuscript. 
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I.  INTRODUCTION 


Gravel  and  crushed  quartz  aggregates  from  the  Queens  Canyon  Quarry, 
Pike  View  Qaarry  and  Black  Canyon  Quarry  cover  many  of  the  secondary 
roads  in  El  Paso  County,  Colorado.  Automobiles  easily  agitate  the 
microscopic  particulates  in  these  aggregates  to  an  airborne  state. 

Rohl,  Ianger  and  Selikoff  report  1000  times  greater  asbestos  particulate 
levels  in  the  air  for  areas  utilizing  quarried  rock  frcm  Montgomery 
County,  Maryland  than  urban  areas  with  paved  roads1.  Black  topping 
gravel  roads  substantially  reduced  this  airborne  particulate  matter. 

The  airborne  particulate  reduction  has  been  analyzed  using  the  scanning 
electron  microscope  (SEM)  and  particulate  fractions  from  the  Sierra 
Head  Impactor  (SHI) . 

Airborne  particulates  burden  the  human  respiratory  system.  Gilson 

described  the  effects  of  mineral  dusts  and  asbestos  fibers  as  carcino- 
2 

genic  . Particulates  with  diameters  less  than  100  microns  are  inhaled 

into  the  respiratory  sys ten's  nasopharyngeal,  tracheobronchial  and 

3 4 

pulmcrary  regions  (Figures  1 and  2)  ' . The  respiratory  deposition 
profiles  illustrate  the  migration  of  the  smaller  particulates  deeper  into 
the  respiratory  system  (Figure  1) . Continual  inhalation  of  these  micro- 
scopic particulates  deteriorates  and  inhibits  respiratory  functions . 

The  SHI  and  SEM  were  used  to  determine  the  particulate  reduction 
which  resulted  from  paving  Ehrich  Street  in  Colorado  Springs , Colorado. 
Conclusions  were  drawn  frcm  data  taken  before  the  paving  process  and 
after  its  completion . 
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II.  THE  METHOD 


The  SHI  separates  particulates  according  to  diameter  size  by  cnplfly- 
ing  a cascade  impactor  effect.  This  effect  is  created  by  a series  of 
five  staggered  slotted  plates  which  alter  the  air  flew  velocity  throng 
the  SHI.  A decreasing  slot  width  in  the  SHI  fractionation  plates  fren 
top  to  bottom  increases  the  air  flew  velocity  in  accordance  with  the- 
conservation  of  mass  flew.  The  aerodynamic  diameter  of  a particulate 
determines  where  it  will  deposit.  larger  particulates  deposit  on  the 
top  plates  of  the  SHI  where  air  flow  velocity  is  slower  than  air  pass- 
ing by  the  bottom  plates,  where  smaller  particulates  deposit.  Particuf 
lates  are  deposited  on  slotted  glass  fiber  filters.  Wiffen  reports  high 
particulate  separation  efficiency  for  this  type  of  apparatus  under 
similar  data  collection  conditions^.  Thre  and  final  weights  of  the 
filters  were  used  to  determine  particulate  fraction  weights. 

Scanning  electron  micrographs  were  used  to  determine  the  effective 
separation  capability  of  the  SHI  (Figures  3 and  4) . Pooley  reports  thQ 
incorporation  of  this  technique  in  particulate  shape  and  size  analysis  . 

A best  case  analysis  of  particulate  sizes  included  measuring  the  maxim* 
distance  across  a particulate  as  its  diameter.  This  counting  technique 
ensured  a best  case  analysis  because  larger  particulates  will  deposit 
in  the  nasopharyngeal  regions  rather  than  traveling  deeper  into  the 
respiratory  system  (Figure  2) . Also,  a conglomerate,  a cluster  of 
particulates,  was  counted  as  one  particulate  to  enhance  the  best  case 
analysis.  Distances  on  the  micrographs  were  measured  with  a Charles  SigjBHT 
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Scanning  electron  micrographs  gf  the  first  stage 
third  stagec,  and  fourth  stage  from  the  SHI  to  ( 
effective  particulate  size  distribution. 


FIGURE  4 - Scanning  electron  micrograph  of  the  fifth  stage  of  SHI  to 
determine  effective  particulate  size  distribution. 
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FIGURE  6 - Scanning  electron  micrograph  of  gold  grid  containing  1000 
squares  per  linear  inch. 
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Film  Measuring  Instrument  and  calibrated  with  a standard  gold  grid 
containing  1000  squares  per  linear  inch  (Figure  6) . 

III.  RESULTS 

Particulate  fraction  weights  were  calculated  fran  the  difference  in 
tare  and  final  weights  of  the  filters  (Table  I) . The  effective  size 
distribution  for  each  SHI  particulate  fraction  was  found  to  be  slightly 
different  than  the  manufacturer's  design  specifications.  Following 
observation  and  recording  of  all  particulate  diameters  in  each  fraction, 
the  effective  size  distribution  was  determined  by  varying  the  size 
boundaries  of  the  fractions  such  that  the  number  of  particulates  in  each 
fraction  was  maximized  (Table  II) . 

The  relative  reduction  of  airborne  particulates  is  reported  as  a 
reduction  factor  (Thble  IV) . The  reduction  factor  reflects  the  average 
decrease  in  weight  of  airborne  particulate  matter.  The  weight  of  each 
particulate  fraction  after  paving  was  less  than  one  percent  of  the 
fraction  weight  prior  to  paving. 

IV.  CONCLUSIONS 

The  airborne  particulate  content  in  the  vicinity  of  Ehrich  Street 
was  reduced  1700  times  by  weight  as  a result  of  paving  (Table  IV) . The 
decrease  in  airborne  particulate  matter  was  made  more  dramatic  by  the 
arid  climate  of  Colorado.  Some  other  areas  of  the  country  have  less 
airborne  particulate  matter  because  of  abundant  precipitation.  The 
particulate  weight  of  the  fourth  fraction  was  reduced  the  most  of  the 
particulate  fractions  and  approximately  twice  as  much  as  that  of  the 
first  fraction.  This  fraction  represents  those  particulates  most 
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PARTICULATE  WEIGHTS  FOR  FRACTIONS  FROM  SHI  BEFORE 
AND  AFTER  PAVING  OF  EHRICH  STREET  IS  COMPLETED. 
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hazardous  to  the  respiratory  system.  The  majority  of  remaining  airborne 
particulates  after  paving  probably  migrated  into  the  area  on  mountain 
winds. 

The  effective  particulate  size  distribution  error  appeared  to 
significantly  alter  the  particulate  weights  recorded  (Table  III) . These 
errors  would  be  smaller  if  calculated  by  weight  since  a given  SHI  frac- 
tion collected  particulates  belonging  to  fractions  above  and  below  it 
in  size. 

V.  RBCOM^ENDATIOJS 

Paving  gravel  aggregate  roads  in  El  Paso  County  and  on  any  Air  Force 
installation  will  substantially  reduce  the  health  hazards  of  airborne 
mineral  dust  particulates.  Such  actions  are  recommended  to  reduce 
particulate  pollution  and  greatly  inprove  environmental  health  condi- 
tions. 
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